1. Introduction
===============

Renal cell carcinoma (RCC) is a common malignant tumor in the genitourinary system. It is estimated that approximately 62,700 patients are expected to be diagnosed with RCC in 2016, and 14,260 deaths are predicted to be related to this disease.^\[[@R1]\]^ Currently, RCC has no specific tumor markers for diagnosis. Therefore, early diagnosis is difficult. 25% of RCC patients have been diagnosed with advanced or metastatic disease.^\[[@R2]\]^ Current treatments have shown limited efficacy and metastatic RCC remains incurable.^\[[@R3]\]^ In patients with metastatic disease, the 5-year survival rates are less than 10%.^\[[@R4]\]^ It is very important to make early diagnoses and to find new targets for the treatment of RCC.

Tumor cell metabolism is closely related to rapid cell proliferation and maintenance of redox homeostasis. A variety of oncogenes and tumor suppressors are also involved in the regulation of tumor cell metabolism. Proline is an important amino acid in the cellular microenvironment. The metabolism and synthesis of proline are involved in the cellular tricarboxylic acid cycle, the urea cycle, and the pentose phosphate pathway.^\[[@R5],[@R6]\]^ Proline dehydrogenase/oxidase is the first step in the catabolism of proline, and pyrrole-5-carboxylate reductase (PYCR) is the last key enzyme that catalyzes the synthesis of proline, including PYCR1, PYCR2, and PYCR like.^\[[@R7]\]^ PYCR1 is mutated in patients with autosomal recessive dermatitis type 2, which suggests that PYCR1 plays an important role in the normal development of cells.^\[[@R8]\]^

Accumulated studies have demonstrated that PYCR1 may play an important role in tumorigenesis. PYCR1 is overexpressed in breast cancer, prostate cancer, and lung cancer cells.^\[[@R9]--[@R11]\]^ Silencing PYCR1 expression can suppress tumor cell proliferation and survival.^\[[@R9],[@R11]\]^ The roles of PYCR1 in RCC are still unclear. In this study, we have compared the expression of PYCR1 between RCC and adjacent normal renal tissues, analyzed the relationships between PYCR1 expression and clinicopathological features and prognosis of RCC, and explored the potential roles of PYCR1 in the development of RCC.

2. Materials and methods
========================

2.1. Analysis of the Cancer Genome Atlas database
-------------------------------------------------

The data of PYCR1 mRNA and the clinicopathological features of RCC patients were downloaded from the Cancer Genome Atlas database (TCGA) to integrate the data (<http://tcga-data.nci.nih.gov/tcga/>). As described in the UCSC Xena website, the gene expression profile was measured experimentally using the Illumina HiSeq 2000 RNA Sequencing platform by the University of North Carolina TCGA genome characterization center. RNA-seq data were quantified using RNA-seq by expectation-maximization as described previously.^\[[@R12]\]^ Associations between the expression of PYCR1 and clinicopathological features of RCC patients were investigated.

2.2. Patients and samples
-------------------------

Human RCC tissue samples (n = 30) and the adjacent normal renal tissues (n = 30) were collected from patients undergoing radical nephrectomy at the First Affiliated Hospital of GuangXi Medical University between January 1, 2016 and December 31, 2017. None of the patients received chemotherapy or radiotherapy before surgery. The RCC and the adjacent normal renal tissues were stored in liquid nitrogen. Specimens were stored frozen until RNA and protein were extracted. The partial specimens were embedded in paraffin for immunohistochemical staining.

All patients were confirmed as clear renal cell carcinoma (cRCC) by pathology. In addition, paraffin-embedded specimens from 96 cRCC patients who underwent radical nephrectomy between January 1, 2009 and December 31, 2013 were analyzed by immunohistochemical staining by the Department of Pathology, First Affiliated Hospital of GuangXi Medical University. The study was approved by the Ethics Committee of the First Affiliated Hospital of GuangXi Medical University. Informed consent was collected from each patient. Clinical staging was performed according to the AJCC 7th edition, and cell grading was evaluated according to the Furhman criteria. The clinicopathological data are detailed in Table [1](#T1){ref-type="table"}.
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2.3. Quantitative real-time PCR
-------------------------------

Total RNA was extracted from collected 30 paired RCC and adjacent normal renal tissues according to manufacturer instructions. Reverse transcription was performed according to TaKaRa\'s manufacturer instructions. Quantitative Real-time polymerase chain reaction (qRT-PCR) was performed on the StepOne III system. The primers used for PCR amplification were 5′-GAAGATGGGGGTGAAGTTGA-3′ (forward) and 5′-CTCAATGGAGCTGATGGTGA-3′ (reverse) for PYCR1; 5′-CTCCATCCTGGCCTCGCTGT-3′ (forward) and 5′-GCTGTCACCTTCACCGTTCC-3′ (reverse) for β-actin. Conditions used for PCR were as follows: an initial 10 minutes 95°C period followed by 40 cycles of 95°C for 30 seconds and 60°C for 60 seconds. The relative mRNA expression levels were evaluated by the 2^−ΔΔCQ^ method. Each experiment was repeated 3 times.

2.4. Western blot assay
-----------------------

Total protein was extracted from tissue lysate and the protein concentration was measured. An acrylamide gel was prepared at 10% for separation and 5% for loading, 40 μg of protein per well was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis, then transferred to a polyvinylidene difluoride membrane, blocked, and exposed to rabbit anti-goat PYCR1 polyclonal antibody (ab103314; Abcam Inc, Cambridge, UK) overnight at 4°C. The secondary antibody was incubated for 2 hours at room temperature. β**-**actin was used as an internal reference. The relative expression of PYCR1 protein was calculated by using a biological imaging system. Each experiment was repeated 3 times.

2.5. Immunohistochemistry
-------------------------

All tissues were fixed in 10% formalin, routinely dehydrated, dipped in wax, embedded in paraffin, and sliced to a thickness of 4 μm. Phosphate-buffered saline was used instead of primary antibody as a negative control. The primary antibody was PYCR1 (polyclonal rabbit antibody, ab103314; Abcam Inc, concentration: 1:100), dewaxing using xylene, dephenylation using ethanol, 3% dehydrogenation of endogenous peroxidase by hydrogen peroxide, repaired by high pressure of citric acid, and overnight refrigeration at 4°C. The secondary antibody (goat anti-rabbit antibody, SP-9000; Beijing Zhongshan Jinqiao Biotechnology Co, Ltd, Beijing, China) was incubated in a 37% water bath for 25 minutes, followed by DAB mean (3,3′-diaminobenzidine, DAB) coloration, hematoxylin staining, and sealing. PYCR1 protein expression was shown by brown staining mainly in the cytoplasm. PYCR1 expression was evaluated by 2 independent pathologists.

The expression of PYCR1 was measured by staining index. Scoring was based on the following criteria:

1.  number of positive staining cells, where 0 indicates ≦5%, 1 indicates 6% to 20%, 2 indicates 21% to 50%, and 3 indicates \>51%;

2.  cell staining intensity, where 0 indicates no staining of cells, 1 indicates weakly positive (light yellow), 2 indicates positive (brown), and 3 indicates strongly positive (tan).

Staining index = positive staining cells + cell staining intensity, score (0--12). A staining index of \>3 suggests a high expression, a staining index of ≦ 3 for low expression.^\[[@R9],[@R11]\]^

3. Statistical analysis
=======================

All statistical analyses were performed using SPSS statistical software (version 21.0) and GraphPad Prism (version 6.0). Each experiment was repeated 3 times, all results were presented as the mean ± standard deviation (*x* ± *s*). Nonpaired *t* test was employed to analyze the difference in 2 groups regarding the expression of PYCR1 in RCC and adjacent normal renal tissues, Chi-square test was used to evaluate the correlations between PYCR1 expression and the clinicopathologic features of RCC patients. Additionally, log-rank test was used to analyze the overall survival (OS) in patients with RCC. Kaplan--Meier plots were generated for the survival analysis. Cox univariable and multivariable analyses of OS among RCC patients were performed. *P* \< .05 was considered statistically significant.

4. Results
==========

4.1. Analysis of PYCR1 expression in the TCGA dataset
-----------------------------------------------------

The data of PYCR1 expression at the mRNA level were obtained from 606 tissues (534 RCC and 72 adjacent normal renal tissues) in the TCGA database. As shown in Figure [1](#F1){ref-type="fig"}A and B, the expression of PYCR1 was significantly upregulated in RCC tissues compared to adjacent normal renal tissues (7.1315 ± 1.5574 vs 5.9646 ± 0.8031, *P* \< .01). Significant association was observed between high expression of PYCR1 and shorter OS (*P* \< .05, Fig. [1](#F1){ref-type="fig"}C).

![The expression levels of PYCR1 mRNA in RCC and normal renal tissues from TCGA database. (A and B) RSEM of PYCR1 mRNA. Significant differences were observed between RCC tissues (534 cases) and normal renal tissues (72 cases). (C) Associations between PYCR1 mRNA expression and overall survival from TCGA database. (D) ROC curve of PYCR1. ^∗∗∗^*P* \< .001. mRNA = messenger RNA, PYCR1 = pyrroline-5-carboxylate reductase 1, RCC = renal cell carcinoma, ROC = receiver operating characteristic, RSEM = RNA-seq by expectation-maximization, TCGA = the cancer genome atlas.](medi-98-e16384-g002){#F1}

To further evaluate the diagnostic significance of PYCR1, an ROC curve was constructed by plotting sensitivity versus specificity (Fig. [1](#F1){ref-type="fig"}D). The value for AUC of PYCR1 was 0.748 (*P* \< .01). Sensitivity and specificity for predicting RCC were calculated to be 54.3% and 90.3%, respectively.

4.2. Expression of PYCR1 mRNA and protein in RCC tissues
--------------------------------------------------------

The results of qRT-PCR and Western blot have shown that PYCR1 mRNA and protein expression was upregulated in 30 RCC samples compared with the paired adjacent renal tissues. The mRNA and protein expression levels of PYCR1 in RCC tissues were significantly higher than those in adjacent normal renal tissues (Fig. [2](#F2){ref-type="fig"}A--C, *P* \< .01). Immunohistochemistry was used to evaluate PYCR1 expression in RCC and adjacent normal renal tissues. The results revealed that 70% (21/30) of patients demonstrated high PYCR1 protein expression in RCC tissues (Fig. [2](#F2){ref-type="fig"}E) compared with 33.3% (10/30) of patients in adjacent normal renal tissues (Fig. [2](#F2){ref-type="fig"}D, *P* \< .01).

![Expression of PYCR1 mRNA and protein in RCC and paired adjacent normal renal tissues. (A) qRT-PCR analysis showed the higher expression of PYCR1 mRNA in RCC tissues compared with adjacent normal renal tissues. (B) Expression of PYCR1 protein in 4 representative pairs of RCC tissues is presented. (C) The PYCR1 protein expression was higher in RCC tissues than in adjacent normal renal tissues. (D) Immunohistochemical analysis showed weak staining of PYCR1 in adjacent normal renal tissues. (E) Immunohistochemical analysis showed strong staining of PYCR1 in RCC tissues. C: RCC tissues, N: adjacent normal renal tissues, ^∗∗^*P* \< .01. mRNA = messenger RNA, PYCR1 = pyrroline-5-carboxylate reductase 1, qRT-PCR = quantitative real-time polymerase chain reaction, RCC = renal cell carcinoma.](medi-98-e16384-g003){#F2}

4.3. The correlation between PYCR1 expression and clinical characteristics of RCC patients
------------------------------------------------------------------------------------------

To investigate the correlation between PYCR1 expression and clinical characteristics of RCC patients, the clinical data of 96 patients were collected, specifically age, gender, tumor size, cell differentiation, metastasis, and stage. The results showed that PYCR1 expression in RCC tissues was significantly associated with metastasis (*P* \< .001). These results suggested that high expression of PYCR1 might be associated with tumor aggression and progression of RCC.

4.4. The correlation between PYCR1 expression and prognosis of RCC patients
---------------------------------------------------------------------------

Kaplan--Meier method found that the median OS for the high expression PYCR1 group was 55.69 months, whereas the median OS for low expression patients was 74.8 months. Significant association was observed between high expression of PYCR1 and shorter OS (*P* \< .05, hazard ratio = 0.2092, 95% confidence interval: 0.09--0.4862, Fig. [3](#F3){ref-type="fig"}).

![Associations between PYCR1 expression and patients' overall survival. PYCR1 = pyrroline-5-carboxylate reductase 1.](medi-98-e16384-g004){#F3}

4.5. Cox univariable and multivariable analyses of OS among RCC patients
------------------------------------------------------------------------

Cox univariable analyses showed that gender (*P* = .013), cell differentiation (*P* = .039), stage (*P* = .017), and PYCR1 expression (*P* = .004) all influence OS in RCC patients. Subsequently, the cox multivariable analyses suggested that PYCR1 expression (*P* = .001) was an independent risk factor of OS in RCC patients (Table [2](#T2){ref-type="table"}).
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Univariate and multivariate analysis of prognostic factors in 96 patients with RCC.
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5. Discussion
=============

Disorder of glutamine metabolism is related to the development of tumors, whereas glutamic acid is one of the sources of proline synthesis. Therefore, attention has been drawn to the role of proline synthesis in the development and progression of tumors.^\[[@R13],[@R14]\]^ Pyrroline-5-carboxylate (P5C) is a glutamate intermediate formed by P5C synthase that is then converted into proline by PYCR. PYCR1 is an enzyme of PYCR.^\[[@R7]\]^ PYCR1 is overexpressed in several cancer tissues, suggesting that it may be closely related to the development and progression of cancer.^\[[@R9],[@R10],[@R15]\]^ However, the expression and related functions of PYCR1 in RCC are still unclear.

Our study first analyzed the TCGA database and found that PYCR1 mRNA was highly expressed in RCC. Then, qRT-PCR and Western blot were used to verify that PYCR1 mRNA and protein were highly expressed in RCC compared with adjacent normal renal tissues, consistent with the findings in the TCGA database. Immunohistochemistry showed the high expression rate of PYCR1 in RCC tissues at 70%, which was higher than that in adjacent normal renal tissues (33.3%). It is confirmed that PYCR1 is overexpressed in RCC, suggesting that it may play an important role in the tumorigenesis and development of RCC.

Further analysis showed that the expression of PYCR1 was associated with metastasis of RCC. These results suggested that high expression of PYCR1 might be associated with tumor aggression and progression of RCC. This study found that the median OS time for the high expression PYCR1 group was 55.69 months, whereas the median OS time for low expression patients was 74.8 months. Poor prognosis may be associated with positive expression of PYCR1. Cox multivariable analyses demonstrated that PYCR1 was an independent predictor of the presence of RCC in patients. It is suggested that PYCR1 expression may be closely related to the occurrence and development of RCC.

However, there are no cytological evidences that the expression of PYCR1 is directly related to the malignant transformation of RCC and its mechanism. The next step is to verify the effect of PYCR1 on renal carcinoma cells in vitro and in vivo and to explore its specific mechanisms of action. Furthermore, we will investigate which pathway is involved in PYCR1 function in RCC.

6. Conclusion
=============

PYCR1 is overexpressed in RCC, which is associated with tumor metastasis. The prognosis of high expression of PYCR1 is significantly worse than that of low expression among RCC patients. It is suggested that PYCR1 may play an important role in the development of RCC. PYCR1 is expected to be a valuable biomarker for RCC progression and a potential target for RCC therapy.
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